ABSTRACT. Blackberries are an important option for the diversification of fruit crops. However, there is currently no literature regarding plant cultivation in high-altitude tropical climates. Knowledge of the phenolic composition of blackberries is essential because variations in the levels of these components may exist between cultivars and may depend on environmental conditions. High performance liquid chromatography (HPLC) was used to evaluate the total phenol content of different blackberry cultivars (Arapaho, Brazos, Cainguangue, Cherokee, Choctaw, Comanche, Ébano, Guarani, Tupy and Xavante). Free radical scavenging activity in these cultivars was assayed using a DPPH test. The HPLC-UV chromatogram of blackberry fruit extracts at 280 nm revealed the presence of phenolic compounds. The results showed significant differences in the levels of phenolic compounds in the blackberry cultivars tested. Antioxidant activity was evaluated using the ABTS free radical and ranged from 2.7 ± 0.1 to 19 ± 2 μmole of Trolox equivalents per gram of sample (b.u.). These results are in good correlation with the phenolic contents of the blackberries tested. The Xavante blackberry cultivar had the highest levels of polyphenols that could be individually identified. Catechin polyphenols were found to be the main component in the blackberry varieties tested.
Introduction
Small red fruits orberries are characterized by the presence of high concentrations of a variety of bioactive compounds, including anthocyanins, phenolic compounds, organic acids, tannins and flavonoids (Szajdek & Borowska, 2008; Zozio, Dominique, & Dornier, 2011; Maro, Pio, Guedes,Abreu, & Curi, 2013) .These compounds exhibit potent antioxidant activity and are widely necessary to prevent the deterioration of oxidizable products such as cosmetics and food products. In addition, these compounds are beneficial to human health (Curi, Pio, Moura, Lima, & Valle, 2014) .
In this group of small fruits, blackberries (Rubusspp.) are considered excellent sources of phenolic Acta Scientiarum. Agronomy Maringá, v. 39, n. 1, p. 43-48, Jan.-Mar., 2017
compounds. However, there is a great diversity between blackberry cultivar results in fruits with different characteristics, both in flavor and staining; these differences are associated with the polyphenol content and profile of the fruit Curi et al., 2015) .In addition, the chemical composition of the fruit is influenced by multiple genetic factors, which limits quality and consumer acceptance (Scalzo, Battino, Costantini, & Mezzetti, 2005) . Blackberries come from deciduous fruit-bearing trees of temperate climates. However, recently new orchards have been established in subtropical and tropical regions (Campagnolo & Pio, 2012; Curi et al., 2015; Caproni et al., 2016) .The fruit chemical composition of a specific cultivar may be affected by several factors, and environmental conditions are among the most important factors that influence chemical composition (Maro et al., 2014) .
The blackberry fruits grown in high-altitude tropical climates that are characterized by milder conditions require study to evaluate the chemical quality of the fruits. Therefore, the purpose of this study is to assess the quality and content of phenolic compounds in different cultivars of blackberries being grown in a high-altitude tropical climate.
Material and methods
Fruits from 10 blackberry cultivars were collected manually and randomly from different positions and orientations on thirty blackberry plants. The plants were at the commercial maturity stage. The orchard experiences a high-altitude tropical climate. The city is located at 21°14' S 45°00' W at an average altitude of 918 m in Brazil. According to Köeppen's classification, the climate is type Cwb, mild temperate (mesothermal). This climate is characterized by a dry winter and rainy summer (Dantas, Carvalho, & Ferreira, 2007) .
For each cultivar, a total of 2,000 g of fruit was collected randomly from thirty plants. Of this amount, we selected 1,200 g. The fruits were transported to the biochemistry laboratory, where fruits were selected to form experimental units.Four replicates of 300 g were analyzed for each cultivar. Fruits were stored in a freezer at -18°C with 90-95% relative humidity until the time of analysis. The experimental design was completely randomized and contained four replications. The independent variable was the blackberry cultivar(Arapaho, Brazos, Cainguangue, Cherokee, Choctaw, Comanche, Ébano, Guarani, Tupy and Xavante), and the total phenol content and antioxidant of each cultivar was analyzed.
Reagents and standards
Sodium hypochlorite, ethanol, hydrochloric acid and acetone were purchased from Vetec Chemistry. Methanol was purchased from JT Baker Chemical Co. (Phillipsburg, NJ), and Trolox was purchased from Sigma -Aldrich (St. Louis, MO, USA). The mobile phase used for HPLC analysis consisted of ultrapure Milli-Q water (Millipore, Billerica, MA, USA), acetic acid and methanol (Merck, Darmstadt, Germany). The HPLC standards for gallic acid, pcoumaric acid, ferulic acid, ellagic acid, 3,4-dihydroxybenzoic acid, salicylic acid and syringic acid, monomers of condensed tannins gallocatechin, catechin and epigallocatechin gallate and resveratrol were acquired from Sigma-Aldrich (St. Louis, MO, USA). The standards for m-and o-cumaric acid and vanillic acid were obtained from Fluka (St. Louis, MO, USA). Stock standard solutions were prepared in dimethyl sulfoxide and/or methanol (Merck).
Extraction
Natural extractions of blackberry samples were performed as described by Arabbi, Genovese, and Lajolo (2004) with some modifications. Samples were extracted with a mixture of methanol/water/acetic acid (70:30:5) in a 1:15 (m:v) ratiowith ultrasonication for 10 minutes in an ice bath. The homogenized sample was filtered through paper filter (Whatman nº 1). The filtrate was then evaporated in a plate at 80ºC until a volumeof 10 mL remained. This final volume was diluted with Milli-Q water to a volume of 15 mL. A 2 mL aliquot was filtered through a polyethylene filter with a 22μm pore size membrane (Millipore) and collected in a 5 ml vial. Extractions were performed in quadruplicate.
Separation, identification and quantification of phenolic compounds
Chromatography was performed using an Agilent Model 1100 HPLC.Compounds were best detected at a wavelength of 280 nm. Phenolic compound extracts and standards were injected into an Ascentis C18 column (25 cm x 4.6 mm x 5 μm) connected to a Supelguard Ascentis C18 pre-column (2 cm x 4.0 mm x 5 μm). The mobile phase consisted of 2% acetic acid (A) and methanol: water: acetic acid (70:28:2 v/v/v) (B). The flow rateused in all analyses was 100 mL min. column until the end of the run. The column was maintained at a temperature of 45ºC. Phenolic compounds present in blackberry fruit were identified by comparing the retention times of peaks in the extracts with those of standard compounds. Compound identities were confirmed cochromatography of extracts and standards. To quantify phenolic compounds, an external standard was used. Standard curves of the compounds found in samples were obtained by diluting concentrated solutions to produce a concentration range of 5.0x10
. Calibration curves were constructed by plotting the average detector response (n = 3) for the peak area according to concentration.
The addition of standards toextracts was also used for identification. Quantification was performed using external standards with the following stock concentrations: galic acid (85.06 mg L ). Each solution was injected three times into the HPLC system to obtain the average concentration and retention time of each compound.
Determination of antioxidant activity
Total antioxidant activity was measured according to the ABTS + [2,2azinobis-(3-ethylbenzthiazoline-6-sulfonic acid)] method established by Maro et al. (2013) . Extracts were obtained according to the method described by Arabbi et al. (2004) . The resultsare expressed as μmol Trolox equivalent per gram of sample.
Statistical Analysis
The data were subjected to an analysis of variance, and means were compared using the ScottKnott test with a 5% probability of error. Data were analyzed to identify correlations between individual phenolic compounds and antioxidant activity.
Results and discussion Phenolic acids (syringic acid and salicylic acid), acids derived from the hydrolysis of hydrolysable tannins (gallic acid and ellagic acid) and condensed tannins monomers (catechin and gallocatechin), were identified and quantified in fruits from various blackberry cultivars using HPLC.
These analyses showed high reproducibility (Figure 2) . The most abundant phenolic compound was catechin, which was found in 92.38% of the blackberry fruits evaluated. A different result was obtained by Jacques, Pertuzatti, Barcia, Zambiazi, and Chim (2010) , who reported that gallic acid was the most abundant phenolic compound. The content of catechin found in the Xavante cultivar was 258.58 mg per 100 g, which was higher than theother cultivars analyzed in this study (Table 1) . Maringá, v. 39, n. 1, p. 43-48, Jan.-Mar., 2017 Catechin is a flavonoid compound. Flavonoids are present in fruits and vegetables and are considered to be therapeutic agents due to their beneficial effects on health. The protective properties of flavonoids against certain cancers, cardiovascular diseases and aging are all potentially beneficial for human health (Hidalgo, Sánchez-Moreno, & Pascual-Teresa, 2010; Carvalho, Cavaco, & Brodelius, 2011) . The ellagic acid content of the10 black berry cultivars studied in this work ranged from 0.78 to 3.08 mg per 100 g fresh weight. The Xavante cultivar showed the highest levels of ellagic acid, followed by the Ebano cultivar. The lowest level of ellagic acid was observed in the Tupy cultivar (Table 1) . Ellagic acid values in this study were lower than those obtained by Siriwoharn, Wrolstad, and Durst (2005) (50 mg per 100 g ).
Recent interest in ellagic acid has been due to the compound's phytonutrient properties, which include disease prevention and antioxidant, antimutagenic, and anticarcinogenic effects Souza et al., 2014) .
Of the phenolic compounds identified and quantified, gallic acid was found at the lowest concentration, ranging from 0.53 to 0.84 mg per 100 g fresh weight. The highest amount of gallic acid was found in the Brazos cultivar, followed by the Shavante cultivar (Table 1) . A higher gallic acid content (350.49 mg per 100 g fresh weight) was observed by Jacques et al. (2010) in Tupy black mulberry fruits cultivated in temperate climates. These discrepancies may be related to differences in species and cultivars as well as differences in extraction methodology.
Difference in gallocatechin contents were observed between cultivars, varying from 0.75 mg per 100 gin the Tupy cultivar to 1.20 mg per 100 g -1 in the Xavante cultivar. An average of 0.96 mg 100 g (Table 1 ) was observed. Previous studies have shown gallocatechinto aid in preventing hypoglycemia and in lowering cholesterol (Lee, Kim, Kim, Shin, & Baik, 2008) . The phenolic content of syringic and salicylic acids also varied among the blackberry cultivars studied. Syringic and salicylic acid contents averaged 1.91 and 17.64 mg per 100 g, respectively (Table 1) . Phenol concentration sare influenced by factors such as the cultivar type, pre-harvest environmental and climatic conditions, plant diseases, harvesting procedure, point of maturity at harvest, geographic location, exposure to sunlight, post-harvest storage conditions, fruit processing, extraction method and quantification method (Cordenunsi, Nascimento, Genovese, & Lajolo, 2002; Vizzotto & Pereira, 2011; Souza et al., 2015) .
The quantification data of individual phenolic compounds in domestic blackberry cultivars in highland tropical climate has not been reported previously; therefore, these results are important for the selection of varieties with superior properties for consumption and breeding of superior cultivars.
The antioxidant activity of blackberry fruits was determined using the ABTS method and reported in equivalents of Trolox, a water-soluble analog of vitamin E. Fruits from the Arapaho and Xavante cultivarsexhibited antioxidant activities of 51.35 and 50.19 μmol of Trolox equivalent per g of sample, respectively. These activities were 34-70% higher than the activities of the other cultivars.
These results corroborate the results obtained by Silva, Vendruscolo, and Toralhes (2011) for blackberry fruits cultivated in temperate conditions: the cultivar that showed the highest antioxidant activity (Xavante) also showed the highest total phenol content.
Correlations between antioxidant activity (ABTS) and individual polyphenol contents in blackberry fruits are shown in Table 2 . Mean antioxidant activities correlate positively with the average valuesof most of individual polyphenols evaluated in this study. Correlations between ellagic acid, catechin, gallocatechin and syringic acid contents with antioxidant activity were observed (Table 2) . On the other hand,there was no significant correlation (5% probability) between gallic acid content and antioxidant activity (Table 2) . These results indicate that variations in phenolic compound contents can lead to different biological responses. Although the catechins represent potential constituents, other compounds may act synergistically, increasing the beneficial effects associated with the consumption of fruits and their blackberry derivatives. 
Conclusion
Fruits from blackberry cultivars grown under tropical high-altitude conditions exhibit varying levels of phytochemicals, which may contribute to their natural antioxidant properties.
The polyphenol catechin was the major component of the blackberry cultivars studied. In addition, the Xavante cultivar had higher individual levels of the polyphenols studied in this work.
